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A signicant fraction of galaxy clusters exhibits cluster wide radio halos. We give a simple prediction
of the local and higher redshift radio halo luminosity function (RHLF) on the basis of (i) an observed and
a theoretical X-ray cluster luminosity function (XCLF) (ii) the observed radio{X-ray luminosity correlation
(RXLC) of galaxy clusters with radio halos (iii) an assumed fraction of frh  13 galaxy clusters to have radio
halos as supported by observations. We then nd 300-700 radio halos with S1.4GHz > 1 mJy, and 105 − 106
radio halos with S1.4GHz > 1 µJy should be visible on the sky. 14% of the S1.4GHz > 1 mJy and 56% of the
S1.4GHz > 1 µJy halos are located at z > 0.3. Subsequently, we give more realistic predictions taking into
account (iv) a rened estimate of the radio halo fraction as a function of redshift and cluster mass, and (v)
a decrease in intrinsic radio halo luminosity with redshift due to increased inverse Compton electron energy
losses on the Cosmic Microwave Background (CMB). We nd that this reduces the radio halo counts from
the simple prediction by only 30 % totally, but the high redshift (z > 0.3) counts are more strongly reduced
by 50-70%. These calculations show that the new generation of sensitive radio telescopes like LOFAR, ATA,
EVLA, SKA and the already operating GMRT should be able to detect large numbers of radio halos and will
provide unique information for studies of galaxy cluster merger rates and associated non-thermal processes.
X-rays: galaxies: clusters { Radiation mechanism: non-thermal { Radio continuum: general { Intergalactic
medium { Galaxies: cluster: general
Introductionsec:intro Cluster radio halossec:crh
The X-ray emitting intra-cluster medium (ICM) of a signicant fraction of galaxy clusters also ex-
hibits cluster wide radio emission, the so called cluster radio halos [ for recent samples]1996IAUS..175..333F,
1999NewA....4..141G, 2001ApJ...548..639K, 2000NewA....5..335G. Cluster radio halos are central, extended
over cluster-scales, unpolarised, and steep spectrum radio sources not associated with individual galaxies.
It is recognised that radio halos appear in clusters which have recently undergone a major merger event
1993MNRAS.263...31T,2001ApJ...553L..15B.
Whereas the cluster X-ray emission is due to thermal electrons with energies of several keV, the emission
of the radio halo is due to synchrotron radiation of relativistic electrons with energies of  10 GeV in  µG
magnetic elds. The spatial distribution of the radio emission often seems to follow closely (and nearly
linearly) on the large scale the distribution of the X-ray emission 2001AA...369..441G. In a few cases, where
a cluster merger is in its early stage, detailed observations indicate that the radio halos seem to be spatially
restricted to hot merger-shocked regions 2001ApJ...559..785K,2001ApJ...563...95M.
The similarity of X-ray and radio morphologies of radio halo galaxy clusters indicates a connection
between the energetics of the non-thermal component (magnetic elds and relativistic electrons) and the
thermal ICM gas. This is also supported by the strong correlation of radio halo luminosity and the host cluster
X-ray luminosity [the RXLC,][ also see Fig. g:lnulX]2000ApJ...544..686L, Feretti.Pune99. Since most of the
thermal cluster gas was heated in cluster accretion and cluster merger shock waves [e.g.][]1972AA....20..189S,
1998ApJ...502..518Q, 2000ApJ...542..608M one would suspect that also the relativistic electrons received
their energy from these shocks.
The radiative lifetime of the radio emitting electrons is of the order of 0.1 Gyr [e.g.][]1977ApJ...212....1J.
This is short compared to the shock crossing time in merger events, which is of the order of 1 Gyr. If the
electrons were accelerated in the shock waves, and just are cooling behind them, the radio emission would
not follow the X-ray emission, as observed in late stage merger clusters, but should be more patchy and
only located close to the shock wavesSuch patches of radio emission, the so called cluster radio relics, are
indeed observed in merging clusters. They are interpreted to be either emission from shock accelerated
ICM electrons 1998AA...332..395E, 1999ApJ...518..603R, 2001ApJ...562..233M or from shock revived fossil
1
radio cocoons 2001AA...366...26E, 2002MNRAS.331.1011E. In order to have a radio halo in the post shock
region, which lasts suciently long to explain the X-ray emission like morphology of radio halos in later
stage mergers, some fraction of the shock released energy has to be stored in some form and later given to
the relativistic radio emitting electron population.
gure[t] center gure=lnulX.ps,width=0.5,angle=0
MNRAS.331.1011E. .
2
